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(g) Absorptive materials, and methods for their production. 



@ The present Inventton relates to absorptive 
materials which are highly absorbent and which 
retein nrK>isture. said dressings comprising 
cross-linked celluk>sic fibers wherein the 
cross-linker has been blended with the fibers 
after electrostatically charging the fibers, the 
nnaterials advantageously having at least one 
retentive membrane thereon, the retentive 
membrane being a layer of thermoplastic which 
has been laminated onto the dressing at its 
glass transition temperature, thereby giving the 
membrane selective moisture penmeability 
properties. 
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The present invention relates to sheets of fibrous 
material, especially comprising cellulosic fibres, 
which are absorbent for aqueous liquids, and which 
are preferably protected on at least one side by a 
membrane of permeable plastic. 

There is great demand for materials which are ca- 
pable of absorbing quandties of liquid, while remain- 
ing substantially solid, and which, before use. are 
compact. Examples of uses for such materials Include 
kitchen rolls, sanitary pads, nappies, plasters and 
wound dressings in general. 

Various materials are known which can be used 
for the above applications. Such materials include 
foamed plastics, absorbent paper and, more recently, 
sheets of cross-linked cellulosic fibres. 

However, materials which are generally consid- 
ered suitable do not necessarily fulfil all of the require- 
ments for the application for which they are Intended. 
For example, sanitary pads may be too bulky or too 
solid, and surgical dressings do not absorb, or do not 
absorb at a sufficient rate, a sufficient quantity of exu- 
date from the wounds. 

An added complication is that, for applications In- 
volving contact with the human or anin^ body, espe- 
cially a wound, it is highly desirable that there be no 
toxic compounds present in the dressing which may 
affect the body in any way. This is a particular disad- 
vantage of many plastics. 

Materials which find general acceptance for most 
of the above-described applications comprise an in- 
terlinked, or cross-linked, disperse layer of a fibrous 
substance, such as cellulose, which has been so 
treated as to be able to absorb liquids. For example, 
EP-A-252650 discloses a material made of stiffened 
curled cellulosic f ibres, while EP-A-7134 discloses a 
fibrous cellulosic sheet, the fibres being bibulous cel- 
lulosic fibres and/or sodium carboxymethyl cellulose 
fibres. These are cross-linked by wetting and apply- 
ing heat and pressure. 

One advantage of the cross-linked cellulosic fi- 
bres is their non-toxicity, provided that the cross-linker 
is a suitable non-toxic compound, such as cart)0xy- 
methyl cellulose. These materials also have the ad- 
vantage of being able to absori:) up to about one hun- 
dred times their own weight in water. 

A disadvantage of the cross-linked cellulosic ma- 
terials arises through the various methods of produc- 
tion available for them. So far, no method for their pro- 
duction has been described which provkies a highly 
absorbent matrix, the maximum being about 1 0Ox the 
mass of the matrix. This is essentially because of the 
difficulties involved in evenly distributing the cross- 
tinker precursor throughout the fibres before effecting 
cross-linking. Two basic methods are known for the 
production of such matrices, the first of which is a dry 
process, and the second is a wet slurry process. 

In the dry process, a layer of suitable cellulosic fi- 
bres is generated, sudi as by the air-felt process, fol- 



lowed by dredging a suitable powdered cross-linker 
onto the sheet and then compressing the whole, op- 
tionally after agitation, together with heating. It is gen- 
erally necessary to use great pressure in order to ef- 

5 feet any kind of satisfactory permeation of the cross- 
linker through the sheet, and the result is a very 
densely compressed sheet with variable concentra- 
tions of cross-linker throughout. These sheets tend to 
be least absorbent 

10 The alternative, wet process involves making a 
slurry of the cellulosic fibres and the cross-linker. Th is 
slurry is dried out and formed into a sheet, and then 
compressed and heated as before. This results in a 
more even distribution of the aoss-linker throughout 

15 the material, but still does not for m an optimal material 
with a particularly even density of cross-linker 
throughout, and also suffers from the drawback of be- 
ing time consuming. The main problem is clumping 
with materials prepared from slurries, even where rel- 

20 atlvely low quantities of cross-linker are used. 

Still further problems arise. While, for some appli- 
cations, It is suitable to apply the material directly to 
the area where it is required to absorb liquid, this is, 
as a rule, undesirable for the treatment of wounds, as 

25 the fibres may irritate, or penetrate the wound, or 
both. In addition, exposed fibrous matrices, especially 
those containing wound exudates, can provide an 
ideal environment for the reproduction of bacteria. 
To overcome such problems, articles comprising 

30 such materials generally further comprise protective 
membranes. In such instances, it is common to have 
an impervk)us membrane on the side of the material 
not intended for absorption, while a porous membrane 
is provided on the absorptive side. Well known exam- 

35 pies of this type of application include nappies and 
sticking plasters. 

Whilst it is relatively easy to provide a porous 
membrane to allow the cross passage of liquids, prob- 
lems arise in preventing backflow of the liquids. In 

40 sticking plasters, for example, the porous membrane 
characteristically comprises an impervious plastics 
film with many small perforations, but this can allow 
backflow of the exudate which generally results in the 
plaster becoming embedded in the wound and, when 

45 the plaster Is removed, reopening the wound, readily 
leading to the production of scar tissue. 

It is an object of the present inventton to provide 
an improved process for the production of dressings 
of membrane coated, cross-linked cellulosic fibrous 

50 materials, which process will ensure that the materials 
have an even and consistent density of cross-linker 
throughout, and which wfll not suffer the problems of 
fiowback. 

It is also an object of the invention to provide such 
55 dressings which display superior absorption proper- 
ties to the known materials. 

It is a further object of the invention to provide 
dressings having air and vapour permeable mem- 
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branes but which are not also water permeable, as 
well as to provide processes for the preparation of 
such dressings. It is a yet further object of the Inven- 
tion to provide dressings having both of the above 
types of membrane. 5 

it has now been discovered that it is possible to 
provide such dressings with superior absorption char- 
acteristics and which will retain wound exudates, by 
the lamination of a thermoplastic sheet onto an absor- 
bent material at or around the glass transition temper- io 
ature of the thermoplastic, and by the use of static 
electricity to distribute the cross-linker through the fi- 
bres before effecting cross-linking. 

Thus, the present invention provides, in a first as- 
pect, a process for the production of absorbent mate- is 
rials from an essentially dry preparation of fibres and 
an essentially dry preparation of a powdered, heat ac- 
tivatabie cross-linker for the fibres, characterised In 
that the process comprises the steps: 

a) causing at least one of the preparations to car- 20 
ry a net electrical charge, provided that, where 
both of the preparations are charged, then one 
preparation is positively charged and the other is 
negatively charged, 

b) bringing the preparations into admixture, 25 

and 

c) heating and compressing the resulting mixture, 
in either order or together, to form a layer wherein 
the fibres are cross-linked. 

It is particularly advantageous in the process of 30 
the invention to add at least one layer of a porous 
membrane to the material after, or during, manufac- 
ture, such as described above. 

In a preferred aspect, the above process further 
comprises the step of. simultaneously with step c) or 35 
thereafter, laminating at least one thermoplastic layer 
onto a surface of the absorbent material at, or around, 
the glass transition temperature of the thermoplastic, 
preferably below the melting point of the thermoplas- 
tic. 40 

The thermoplastic layer has particularly advanta- 
geous properties, as described hereinafter. 

It will also be appreciated that the above process 
for adding a film, as well as the films themselves, 
need not be used merely in conjunction with the ab- 45 
sorptive materials of the invention, or with the associ- 
ated process. The films of the invention may also be 
applied to other absorptive materials. 

In the present context, "glass transition tempera- 
ture' Is used to indicate that temperature, or range of so 
temperatures, at which a thermoplastic begins to flow, 
and is distinct from tiie melting point of the ttiermo- 
piastic. In particular, "at or around" is used to indicate 
that range of temperatures beginning with the glass 
transition point and ending at or below the melting 55 
point of the thermoplastic. 

Although the preferred lamination temperature is 
below the melting point of the thermoplastics, it will be 



appreciated that, under certain circumstances, it will 
be possible to laminate tiie thermoplastics at. or 
slightly above, the melting point of the thermoplastic, 
provided that the treatment is suff icientiy rapid that 
the thermoplastic only flows for a very short period of 
time, so that the membrane does not disintegrate. 

Th(9 process of the invention gives rise to an ex- 
tremely even coating of cross-linker on tiie fibres, and 
tiie composite layer of fibres and cross*linker can 
then easily be compressed and heated to yield a su- 
perior end product Furthermore, the process Is ex- 
tremely easy to use and effect, and is also cheap and 
quick, not requiring heavy compression rollers, or 
time consuming drying of a slurry. 

A further advantage lies in the hygienic metiiod of 
preparation of tiie product, as the constituents and 
process are essentially dry, thereby limiting the pos- 
sibility of contamination. 

In the process of the invention, it is generally pre- 
ferred that the preparations are brought into admix- 
ture in a gaseous medium, preferably air. 

Before compression, it is desirable to allow ihe 
mixture to settie into a layer after first bringing the 
preparations into admixture in a drum with agitation. 

It is generally preferred tiiat the fibres be sus- 
pended In air in a suitable container, such as a poly- 
ethylene or polypropylene drum, and charged. It is 
sufficient, for example, to merely provide a quantity of 
fibres in a polyethylene bag. to inflate the bag, and 
then to shake or agitate the bag so as to charge the 
fibres. Once this has occurred, the powdered cross- 
linker can be introduced to the bag and shaken again, 
after which the bag can be emptied onto a suitable 
surface, and the resulting layer heated and com- 
pressed. 

On a larger scale, tiie fibres could be provided in 
a drum which, in turn, could be rotated until such time 
as the fibres therein were sufficientiy charged. The 
cross-linker could tiien be introduced, witii tiie drum 
rotated further, and then the mixture allowed to settie 
into the composite layer. 

The fibres may also be charged by other suitable 
means, such as providing charging plates directiy 
linked to an electrical source, or by using ionising ra- 
diation. It is also not necessary to suspend the fibres 
in air, especially if either of these latter two methods 
is used, and the powdered cross-linker can be Intro- 
duced to the layer of fibres which then need only be 
agitated sufficiently to allow an even distribution of 
the cross-linker throughout the fibres, the electrical 
charge on the fibres serving to attract the cross-linker. 

The present invention further provides apparatus 
for tiie production of absorbent materials from an es- 
sentially dry preparation of fibres and an essentially 
dry preparation of a powdered, heat acthratable 
cross-linker for the fibres, tiie apparatus comprising a 
drum having a top, a bottom and walls defining a cav- 
ity of tiie drum; 
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the top of the drum having a first at least one 
opening through which the fibres can be introduced; 

the top of the drum having a second at least 
one opening-through which the cross-linker can be in- 
troduced; 5 

dividing means being located between the first 
and the second openings, the dividing means extend- 
ing toward the bottom of the drum, and preferably 
forming a funnel; 

electrical charging means being provided on io 
the wall of the drum at a position below the first at 
least one opening and above the lowest extent of the 
dividing means; 

means for introducing gas under pressure be- 
ing provided on the wail of the drum at a position be- is 
low the first at least one opening and above the lowest 
extent of the dividing means; 

means, such as a propeller or fan blade, to dis- 
perse the cross-linker and the fibres to form a disper- 
ston when the cross-linker falls below the lowest ex- 20 
tent of the dividing means; 

the bottom of the drum defining an opening 
through which the dispersion can pass; 

a fine mesh conveyor being located beneath 
the bottom of the drum to collect the dispersion; 25 

collecting means being disposed beneath the 
conveyor to collect any excess cross-linker falling 
through the conveyor; 

means to heat the dispersion after collection 
on the conveyor; and 3o 

means to compress the dispersion after collec- 
tion on the conveyor, the heating and compressing 
means optionally being provided together in one or 
more rollers, for example. 

It is also not necessary for the fibres to be 35 
charged. It is possible for the powdered cross-linker 
to be charged instead, and then introduced to a suit- 
able preparatton of the fibres. Again, this may be a 
suspension in air, or may be a layer of fibres which are 
then agitated after the introduction of the cross-linker. 40 

It is also possible to charge both the cross-linker 
and the fibres, but this Is not required, and may pos- 
sibly result in clumping of the cross-linker on the fi- 
bres if too much cross-linker is introduced. 

It is also preferred to allow excess cross-linker to 45 
be separated from the composite layer before heating 
and compression. This may be effected by depositing 
the layer on a fine mesh, thereby allowing excess 
powder to fall through, and be collected for further 
processing rf desired. Owing to the charged nature of 50 
the layer and the powder, it may also be desirable to 
earth any container into which the powder falls. It is 
not so desirable for the mesh, as it may serve to pre- 
maturely discharge the composite layer, and allow the 
cross-linker to fall away from the fibres. In such an in- 55 
stance, an inferior product may be formed. However, 
it is generally the case that the charged condition of 
the composite layer exists for several minutes, allow- 



ing unhurried preparation of the layer for heating and 
compression before the charge wears off. 

In some cases, it may be desirable to align the f h 
bres in the n\ateriai, and this may be achieved by any 
suitable means. One such means is by combing the 
material, such that the fibres must pass through a 
suitable array of slots, for example. 

Regarding the membrane(s), it will be appreciat- 
ed that, for different thermoplastics, the range of tenv 
peratures at which the process can be carried out va- 
ries. For example, a preferred thermoplastic compris- 
es a blend of hydroxypropyl cellulose and carboxyme- 
thyl cellulose (this combination is readily biodegrad- 
able, relative proportions determining relative rate of 
degradation), and the glass b-ansition point of this 
blend is very dose to its melting point and. for a sub- 
stantially even (50/50) blend, the temperature at 
which the process can be carried out Is effectively lim- 
ited to about a temperature of 352'*F (178*'C). By way 
of contrast, if these two substituents are mixed further 
with polyethylene, again in an even amount, the lam- 
ination can be effected at anything between about 
149 to about 177°C. 

Such a blend of the three thermoplastics is a par- 
ticularly preferred embodiment of the present inven- 
tion, and has particularly good moisture retention 
properties as described hereinbelow. Thinner lamin- 
ates of this material are particularly useful in permit- 
ting unidirectional passage of water toward the absor- 
bent material, but not away from the absorbent mate- 
rial, while thicker laminates do not permit passage of 
water but do permit passage of vapour. 

Thus, ft will be appreciated that essentially any 
thermoplastic may be used, provided that It is lamin- 
ated onto the absorbent material at Its glass transition 
temperature. 

As used herein, the term 'thermoplastic' relates 
to those polymers, or blends of polymers, which are 
able to form a thin flexible film, such that they may be 
introduced to the surface of the absorbent material 
and conform to the surface thereof in a manufacturing 
process without cracking or snapping, and which melt 
at higher temperatures. 

Accordingly, many materials are incorporated 
within the definition of 'thermoplastic', and generally 
include such substances as polyhydroxymethyl me- 
thacryiate, polypropylene, polyurethane, polystyrene, 
polyethylene and such substances as substituted 
polysaccharides, where these fail within the definition 
of thermoplastic as provided above. In particular, pre- 
ferred substituted polysaccharides include cari^oxy- 
methyl cellulose and hydroxypropyl cellulose. 

The membranes of the present invention may be 
of any desired thickness. However, it is necessary 
that the entire membrane be laminated onto the ab- 
sorbent material under such circumstances, and in 
such a way that the entire thickness of the thern>o- 
plastic reaches the glass transition temperature. Ac- 
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cordingly, the thickness of the membrane is effective- 
ly limited in practice, as a general technique for lam- 
inating the membrane onto the absorbent material Is 
to use at least one pair of rollers, the one which is in- 
tended to come into contact with the thermoplastic be- s 
ing heated. Thus, if the lamination takes an excessive 
anrwunt of time owing to the thickness of the thermo- 
plastte, it is quite likely that the surface of the thermo- 
plastic will start to melt before the inner face of the 
thermoplastic has reached the necessary tempera- 10 
ture. 

The thickness of the thermoplastic membrane wilt 
also determine the properties of that membrane. 
Thicker membranes will not be water permeable, but 
will tend to be gas and vapour permeable, much along is 
the lines of human skin. However, what is most sur- 
prising is that the thinner membranes formed by this 
process permit preferential passage of water, or other 
liquids, toward the absorbent material. In fact, this 
tends to be so marked, that the passage of water Is 20 
effectively one-way, so that water can readily pass 
into the absorbent material, but cannot return. This Is 
a very marked advantage of the present invention, 
and represents a preferred embodiment. 

The thicknesses of the membranes which give 25 
rise to the above two types of embodiment cannot be 
absolutely defined, as they are dependent on the na- 
ture of the thermoplastic involved. Nevertheless, as a 
general guide, very low density thermoplastics have 
been found to provide good water permeable menv 30 
branes. For example, low density polyethylene 
(LDPE) may have a density as low as 15g m-2, al- 
though densities up to around 25g m*^ will also suf- 
fice. 

Densities of about 25g nr^ up to about 35g nr^ 35 
LDPE will tend to provide water impermeable, but gas 
and vapour permeable, membranes. 

On its own, LDPE is not preferred, although it will 
provide membranes as required. Aparticularly prefer- 
red thermoplastic is polyhydroxymethyl methacry- 40 
late, although this tends to be somewhat expensive to 
manufacture. 

What has been found to be most preferable, from 
a point of view of ease of manufacture and final prop- 
erties, is a blend of a less hydrophilic thermoplastic 45 
with a more hydrophilic thermoplastic. Thus, a blend 
of LDPE and carboxymethyl cellulose (CMC) has 
been found to be particularly useful. It may be conjec- 
tured that the less hydrophilic thermoplastic forms a 
matrix supporting the more hydrophilic thermoplastic, so 
such that exposure to water causes a rupture be- 
tween the two, and that back pressure of the liquid 
presses the two back together, although the present 
invention is not limited by such conjecture. 

Where two or more different thermoplastics are 55 
employed to form the one membrane, then it is pre- 
ferred to blend them before applying them to the ab- 
sorbent material. In particular, it is preferred to roll 



sheets of the thermoplastics together at or around a 
mutual glass transition temperature to provide a sin- 
gle layer of a thermoplastic blend. For example, a 
blend of hydroxypropyl cellulose, carboxymethyl cel- 
lulose and low density polyethylene may be achieved 
at temperatures of between 149 to about 177''C. The 
same temperature may be used to laminate the f 8m 
onto the absorbent material. 

The temperatures involved in achieving the de- 
sired effects can, in practice, be affected by the con- 
ditions prevalent Thus, It is preferred to carry out the 
process under conditions of about 6 to about 8% hu- 
midity, and preferably at about 75*'F (about 24'C). In 
addition, it has been found that a suitable pressure, 
both for pressing together several sheets of thermo- 
plastic, and for laminating the thermoplastic onto the 
absorbent material, is about 15!bs in-^ (about 100kP). 

When rollere are used to press the films together, 
the rates will vary according to the thickness of the 
film and the temperature of the rollers. In practice, the 
temperature of the rollers will tend to be slightly above 
the glass b^nsition temperature of the plastics, but 
will not be too far above, In order to prevent the plas- 
tics melting. A differential of a few degrees is suitable. 
Where a thin layer is being compressed before being 
laminated onto the absorbent material, this can be 
done at roller speeds (where both rollers are heated) 
of up to around 1m min-^ Where such a layer is being 
laminated onto the absorbent material, the rate will 
necessarily be slower, as only one heated roller will 
have an effect on the membrane, so that speeds will 
necessarily be reduced to, for example, around 0.25m 
min~^ For the thicker membranes, these speeds will 
be reduced by about a factor of 4. All of these condi- 
tions should be taken into account when laminating a 
thicker membrane on one side of the absorbent ma- 
terial and a thinner membrane on the other side of the 
absorbent material, although it is possible in practice, 
and preferable, to laminate both layers onto the ab- 
sorbent material at the same time. 

It will be appredated that only one membrane 
needs to be applied to the absortient material, and 
that it may be of either variety as defined. However, 
it is generally preferable that two membranes be pro- 
vided on any type of absorbent material, but it is not 
necessary that both membranes be both types of 
membrane as defined herein, or that more than one 
of the membranes be a membrane of the invention. 
For example, in the case of a nappy, the water perme- 
able membrane of the invention may be provided on 
the one side of the material, while a solid layer of plas- 
tic be provided on the other. Alternath^ely, Instead of 
a solid layer of plastic, a woven material impregnated 
with a water impermeable substance may be provid- 
ed, for example. 

The matrix on which the thermoplastic is layered 
should have a suff icientiy continuous surface such 
that lamination of the thermoplastic results in effec- 
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tively continuous contact between the membrane and 
the absorbent material. 

Other treatments of the composite matrix layer 
may comprise spraying or immersion of the layer with 
water or any other, suitably aqueous, liquid, followed 
by drying which may be effected at the same time as 
the heating and compression. Such a treatment af- 
fects the end product, but is not usually desirable, un- 
less, for example, the spray includes a dye, antiseptic 
or antibiotic. Even so, such substances may be added 
after cross-linking. 

Before cross-linking, it may also be desirable to 
run the layer through a series of rollers, such as wet 
and dry heated rollers. Again, this affects the end 
product in a known manner. 

Returning to the blending process. It is preferred 
to keep both cross-linker and the fibres as dry as pos- 
sible, in order to maximise the effect of the electrical 
charge. To this extent, it may also be preferable to in- 
troduce a stream of warm dry air to displace humid air, 
or to dry the fibres and/or cross-linker. Further, it is 
not necessary that air is used, although if any other 
medium, such as an inert gas. or nitrogen, is used, 
then this will tend to raise the cost of production, and 
involve more expensive containment facilities. Never- 
theless, use of such alternative media is envisaged by 
the present invention. 

The present invention is particularly applicable to 
cetlulosic fibres, but is not limited thereto. Any fibres 
may be used, provided that they are capable of being 
electrically charged. In particular, it is preferred that 
the fibres comprise polyhydric polymers, useful ex- 
amples of which are naturally occurring structural 
polymers, particularly polysaccharides. Suitable ex- 
amples include lignin, and especially cellulose. 

It is not necessary that the fibres be bibulous, as 
it is generally envisaged that the majority of the ab- 
sorption of the end product will be effected by the 
cross-linker matrix. However, it is preferred that the fi- 
bres be as fine as possible. This is for two reasons, 
the first being in order to avoid irritation where the ma- 
terial might come into contact with the hunr^n or ani- 
mal body, and the second being to enhance the ability 
of the fibres to hold an electric charge. Nevertheless, 
it is envisaged that, provided that the fibres can hold 
an electric charge, then any gauge fibres may be 
used. 

It is envisaged that, during the blending process, 
the powder of the cross-linker will evenly coat each in- 
divkJual fibre, subject to the amount of cross-linker 
present. Accordingly, it is preferred to prepare the 
cross-linker In such a manner that It forms a very fine 
dry powder. It is generally preferred that the mesh 
size of the powder be such that the powder will appear 
to float if a pinch of the powder is sprinkled in the air. 
In general, the cross-linking compounds available 
tend to be somewhat coarse, and it is preferred that 
they should be milled further before use. 



There is no particular restriction on the nature of 
the cross-linker, provided that it can form a suitably 
fine powder for use in accordance with the process of 
the invention. Suitable cross-tinkers may be those 

5 that form a gel with water, and examples indude such 
compounds as gum arable, starch, cellulose, hydrox- 
ypropyl cellulose, but especially carboxymethyl cellu- 
lose. This last is especially preferred where the end 
product is to comprise cellulose fibres. 

10 It will be appreciated that the nature of the cross- 
linker will affect the properties of the end product. 
Such properties include the quantity of liquid which 
can be absorbed, as well as the rate at whteh the liquid 
is absorbed. 

IS The materials produced in accordance with the 
present invention tend to have considerably superior 
absorptive qualities and, for example, a material 
which comprises essentially cellulose fibres and car- 
boxymethyl cellulose (CMC) as cross-linker can ab- 

20 sorb up to about 2,000 times its dry weight 

In the example given above, the rate of absorp- 
tion tends to be extremely rapid (as little as a few sec- 
onds), and this may not always be desirable. If the ma- 
terial is to be used for a burn, for example, where the 

25 exudate only emerges slowly, then it may be desirable 
to tailor the material such that, while the overall ca- 
pacity for absorbing liquid is substantially unchanged, 
the rate at which it will absorb the liquid is consider- 
ably reduced. Again, in the above example, this is suit- 

30 ably achieved with the addition of hydroxypropyl cel- 
lulose to the CMC. A proportion of about 1 0% hydrox- 
ypropyl cellulose to 90% CMC is generally suitable to 
slow the rate of absorption down such that capacity is 
only reached after about 24 to 48 hours. 

35 It may also be desirable to provide a blend of sut>- 
stances to form the aoss-linker for other reasons. In 
particular, while CMC is a particularly good absorp- 
tive agent, its cross-linking strength is not necessarily 
particularly high. A material comprising solely CMC 

40 and cellulose will hold together, even at full water ca- 
pacity, but can fairly readily be broken up. 

Thus, if required, a further substance can be in- 
troduced into the cross-linker powder, or pulve, to en- 
hance the strength of the material. Again, the sub- 

45 stance should be finely milled, and does not need to 
be able to provide an absorbent matrix in its own right. 
Suitable substances include low density thermoplas- 
tics, such as polyethylenes. These may be used in 
any suitable quantity, but the higher the proportion of 

50 the strengthening cross-linker, the lower the final ab- 
sorptive capacity of the end product will be. A suitable 
range of strengthening cross-linker in the powder s 
between about 10% and 30%, with about 20% being 
preferred. When the layer is heated and compressed, 

55 the cross-linking will occur. 

After the absorbent material has been prepared, 
it may be packaged in any suitable manner, or pre- 
pared as a dressing or nappy etc. 



11 



EP 0 520 798 A1 



12 



If ttie materials of the invention are to be applied 
as a dressing for a wound, for example, then adhesive 
may be applied to one face of the material, or to the 
porous layer which would separate the wound from 
the absorbent material. 5 

It will also usually be preferable to seal the edges 
of the material to prevent any leakage of liquid out of 
the side of the product, and this may be achieved in 
any known manner, such as by the use of a binder or 
sealant One method may involve stitching along the io 
edge followed by sealing the stitching, if required, by 
a suitable sealant 

Suitable non-limlting examples of uses to which 
the materials of the invention may be put include: sur- 
gical sponges; Incontinence pads; pledgets; eye is 
pads; plasters; adhesive surgical dressings; impreg- 
nated wound dressings; Ischaemic ulcer dressings; 
decubitus ulcer dressings; burn dressings; emergen- 
cy accident packs; haemostatic dressings and, gen- 
erally, human or animal applications. 20 

It will also be appreciated that the absorbent ma- 
terials of the invention may be employed In industrial 
situations, and may also useful provide insulation. 

In an alternative aspect, there Is provided a 
dressing comprising an absorbent matrix which has. 25 
on at least one side thereof, a porous plastic menv 
brane. the matrix comprising fibres cross-linked by a 
suitable cross-linker, characterised in that the cross- 
linker is associated with substantially the entire sur- 
face of each fibre, and wherein the porous plastic is 30 
a thermoplastic and is essentially integral but gas and 
vapour permeable. By "integral" is meant that there 
are no macroscopic holes, that is. no holes are visible 
to the naked eye. 

More preferably, the matrix comprises fibres 35 
cross-linked by a polyhydric cellulose derivative, and 
preferred cross-linkers comprise at least 50% carbox- 
ymethyl cellulose. It Is most preferred that the fibres 
comprise natural structural polymers, the most pre- 
ferred being cellulose. 40 

It is preferred that the membrane permits pas- 
sage of aqueous liquids preferentially towards the lay- 
er of absort)ent material. There is still further provided 
such a product wherein the passage of aqueous liq- 
uid, such as water, is substantially blocked in the di- 45 
rection away from the absorbent material. 

In a preferred embodiment, there is provided a 
dressing as defined, comprising a membrane as de- 
fined on either side, one of which membranes is not 
permeable to water, and the other of which permits so 
passage of water substantially only in the direction of 
the absorbent material. 

This latter embodiment is particularly preferred, 
as it permits the passage of fluids into the dressing 
without allowing egress. Therefore, there is no prob- 55 
lem with crusting of the wound exudate, which can ef- 
fectively render the dressing part of the wound. In ad- 
dition, owing to the large capacity of the matrix of the 



invention, the dressing can be left In place for essen- 
tially the lifetime of the wound or, if the condition is 
chronic, such as decubitus ulcers, then little or no 
changing of the dressing is required. 

In this embodiment it is particularly preferred to 
construct the bottom layer from the lighter weight 
films such that It permits wound exudate to enter the 
dressing but, as explained above, not to leave. The 
top layer is constructed from the thicker film, so as not 
to permit passage of water in either direction, but to 
allow the passage of vapour, so that the dressing can 
"breathe". Thus, this dressing effectively doubles as 
natural skin, promoting rapid healing. Furthermore, 
the pores in the lower layer are not of a sufficient size 
to permit passage of microorganisms, so that this type 
of dressing is also remarkably clean, and does not 
tend to become infected in use. 

In addition, it is especially advantageous to con- 
struct the top layer of two, but preferably one thernrK>- 
plastic, particularly hydroxypropyl cellulose, while the 
bottom layer advantageously comprises carboxyme- 
thyl cellulose, hydroxymethyl cellulose and polyethy- 
lene in equal proportions. 

In particular, the membranes of the invention do 
not tend to adhere to desquamlsed body surfaces, so 
that, even when a dressing needs to be removed, this 
can be done without reopening the wound and with no 
discomfort to the patient. 

The type of dressing may easily be selected ac- 
cording to the condition to be addressed (as used 
herein, the term "wound" is used to indicate a lesion 
of the body surface which permits or generates exu- 
dates, and may include ulcers, for example). In par- 
ticular, rapid or slow absorptton may be required ac- 
cording to the wound or use. 

Burns are particularly treatable by the dressings 
of the invention, in that they generate a large amount 
of fluid slowly over a long period. In such instances, 
the matrix may comprise both hydroxypropyl cellulose 
and LDPE, as the dressing needs to hold together and 
to be able to absorb a large amount of fluid slowly. 

It has also been discovered that these dressings 
are not only advantageous In the manner so far de- 
scribed, but that they can also promote extremely rap- 
Id wound healing, even in circumstances previously 
considered to be incurable, such as various types of 
chronic ulcer. 

The reason for such healing promotion appears 
to be because the combination of retaining fluids in 
the dressing and the porous nature of the membrane 
away from the skin generates a warm, moist microcli- 
mate, very similar to If skin were actually covering the 
wound, thereby encouraging migration of the neces- 
sary epithelial cells over the lesion. 

In circumstances where pledgets need to be used 
in surgery, the prime consideration is safe absorption 
of large quantities of fluids, and the present invention 
can also provide such dressings. In such uses, the 
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matrix preferably comprises only cellulose cross- 
linked by CMC. Again, a particular advantage of the 
invention is that the dressing does not need to be 
changed frequentiy, as it is capable of absorbing 
many times more fluid than conventional dressings. s 

As used herein, the term "dressing" applies to any 
article of the invention when applied to a bodily sur- 
face, whether it be man or animal, and whether or not 
there is any provision to adhere the dressing in place, 
or merely to hold against the bodily surface. io 

In the case of nappies, for example, it may be de- 
sirable to incorporate a further layer of water perme- 
able, porous thermoplastic deeper within the matrix to 
enhance the water retentbn characteristics of the 
dressing. SimSar considerations would also apply to is 
tampons. 

In the accompanying Figure, there is shown ap- 
paratus for the manufacture of an absorptive sheet of 
the Invention. Drum 10 has fibre and pulve inlets 20, 
30, each of which type of inlet may comprise one or 20 
more ducts (two are shown). Within drum 10 is reser- 
voir 40, to retain the pulve entering through duct 30. 
At the bottom of drum 40 is propeller 50, driven by 
power supply 60. Puh^e 70 is shown diagrammatically 
in reservoir 40. 25 

In drum 1 0, the fibres are introduced through duct 
20, and are charged by electrode 80, attached to pow- 
er supply 90. Electrode 80 is suitably a circular mesh 
around the Inside of drum 10 and through which the 
fibres must pass, thereby to be charged. 30 

Compressed air supply 100 has an inlet 110, suit- 
ably arranged as a series of nozzles or apertures into 
drum 10, and acts to disperse the fibres within the 
drum. The charged, dispersed fibres are then blend- 
ed with the pulve, through the combined actions of 35 
baffles 1 20, propeller 50 and the compressed air from 
outlet 110. 

The mix settles towards the fine mesh conveyor 
140, and is also encouraged towards the conveyor by 
the actbn of the compressed air. Once on the convey- 40 
or 140, excess pulve is blown through the mesh (it 
would also tend naturally to settle) and into waste col- 
lector 145. while the mix remains on the conveyor. 

The mix is then crushed by compression roller 
150 and spread/combed by spreader/comber 160. 45 
Powered crimp rollers 170 further aid in the final con- 
formation of the absorptive sheet. Subsequently, the 
sheet may be processed as desired. 

In addition, tensloned rollers 180 keep the con- 
veyor 1 40 tensloned. while guide rollers 1 90 serve to so 
guide the conveyor as it picks up the mix. Powered 
roller 200 keeps the conveyor moving. 

The accompanying example is intended for illus- 
tration only. 

55 



EXAMPLE 

A) ABSORBENT MATRIX 

The components of the absorbent matrix are: 

1 . Cellulose fibres (CF). staple length 0.3 to 0.5 
mm; 

2. Carboxymethyl cellulose (CMC) milled to 
pulve; and 

3. LDPE Granules milled to pulve. 
The constituents are: 

100 gCF; 

250 g Blanose CMC (BL); and 

150 g LDPE granules milled to pulve. 

Ten grammes of fine cellulosic fibres, staple 
length 0.3 mm, are placed in a hexagonal chamber, 
preferably made from polypropylene, polyethylene or 
nylon. The chamber is rotated on a long axis mech- 
anically at speeds between 25 and 45 revolutions per 
minute, depending on the size of the chamber. In this 
example the chamber Is 20 inches high, 10 Inches In 
diameter and bottle shaped (Bench technique). The 
rotation agitates the fibres and creates an electrostat- 
ic charge to the fibres, the charged fibres are tested 
at intervals by stopping the rotation and placing a 20 
inch plastic rod In the container, to see if the fibres are 
attracted to it. If they are attracted en masse, a few 
more minutes of agitation is required before the sec- 
ond phase is employed. The procedure usually takes 
between 10 and 15 minutes, but is very dependent on 
the surrounding environment and it may be neces- 
sary to Introduce warm dry air Into the chamber to 
speed the process. 

When the fibres are judged to be correct in terms 
of the charge they are holding. 25 - 30 g of very finely 
ground carboxymethylcellulose (pulve) is introduced 
into the chamber, preferably through a very fine sieve, 
so as to form clouds of pulve in the chamber. The ro- 
tation is then started again between 5 and 10 revolu- 
tions per minute. The CMC pulve is attracted to the 
charged fibres after approx. 5 minutes, depending on 
thickness of coating required (different thicknesses of 
coating are used for different product requirements). 

When the fibres are sufficiently coated for the 
product required, the agitation is stopped and the 
coated fibres are allowed to settle on a Teflon (Trade 
Mark) coated fine wire mesh positioned 0.5 inch 
(13mm) above a metal alloy tray inserted through an 
aperture at the bottom of the chamber. The coated fi- 
bres are collected on the wire mesh and the unused 
pulve is allowed to pass through and is collected on 
the tray beneath. The chamber may need to be earth- 
ed to prevent the fibres from clinging to the interior. 

The wire mesh is then removed with the fibres 
from the chamber and gently agitated so that the fi- 
bres tie flat on the mesh. A duplicate fine wire mesh 
is then gently laid on the exposed fibres, to sandwich 
them. The sandwich is then passed through a pair of 
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als from an essentially dry preparatbn of fibres 
and an essentially dry preparation of a powdered, 
heat actrvatable cross-linker for the fibres, char- 
acterised in that the process comprises the steps: 
5 a) causing at least one of the preparations to 

carry a net electrical charge, provided that, 
where both of the preparations are charged, 
then one preparation is positively charged and 
the other is negatively charged, 
10 b) bringing the preparations into admixture, 

and 

c) heating and compressing the resulting mix- 
ture, in either order or together, to form a layer 
wherein the fibres are cross-linked, 

15 

2. A process according to claim 1 , wherein the prep- 
arations are brought into admixture in a gaseous 
medium, preferably air. 

20 3. A process according to claim 1 or 2, wherein the 
mixture is allowed to settle into a layer before step 
c). 

4. A process according to any preceding claim, 
25 wherein only the preparation of fibres is charged. 

5. A process according to any preceding claim, 
wherein the fibres are fibres of polyhydric poly- 
mers, preferably lignin and/or cellulose. 

30 

6. A process according to any preceding claim, 
wherein the cross-linker forms a gel on exposure 
to water. 

35 7, A process according to claim 12, wherein the 
cross-linker is gum arabic, starch, cellulose, hy- 
droxypropyl cellulose and/or carboxymethyl cel- 
lulose. 

40 8. A process according to any preceding claim, 
wherein the fibres comprise cellulose fibres and 
the cross-linker is carboxymethyl cellulose. 

9. A process according to any preceding claim, 
45 wherein the cross-linker further comprises be- 
tween 5 and 20% hydroxypropyl cellulose and/or 
a low density thermoplastic in a quantity between 
10% and 30%, the remainder being cellulose. 

50 10. A process according to any preceding claim, 
wherein simultaneously with step c) or thereafter, 
at least one thermoplastic layer is laminated onto 
a surface of the absorbent material at, or around, 
the glass transition temperature of said thermo- 

55 plastic, preferably below the melting point of said 
thermoplastic. 



preheated Teflon (Trade Mark) coated rollers, to ef- 
fect cross-linking. The fine wire mesh is then removed 
from the fibres to leave a pad of material. 

Thickness may be gauged by the weight of the fi- 
bres and CMC pulve introduced into the chamber. The 
rollers may be heated electronically to produce vari- 
able heat for different thicknesses. The temperatures 
required are usually between dOO^'F and 400*^ (149 
and 204''C). Roller pressures are between 10 and 
201b per square inch, speed of rollers is between 45 
seconds and 60 seconds per square yard. 

If necessary, the cellulose fibres may be positive- 
ly charged and CMC negatively charged, thereby 
speeding the process and producing a better base 
material. 

B) Lamination of Porous Membranes 

The outer membrane of the dressing will be gas 
and vapour permeable, but water resistant. In order to 
achieve this in the present case, the membrane is pre- 
pared prior to lamination on the matrix prepared in A) 
above. 

A triple laminate to form the outer membrane Is 
prepared and comprises: 

1. Low Density Polyethylene film (LDPE); 

2. Polyhydroxypropyl cellulose film (KLUCEL - 
KL); and 

3. Carboxymethyl cellulose film (Blanose - KL). 
The specif fcations are: 

LDPE - BOWATER, DUPONT 30gm m-2film. 
KL - AQUALON, HERCULES 25gm m-2 film. 
BL - AQUALON, HERCULES 20gm nrr^ f Bm. 

The films were laminated together at a tempera- 
ture of 350°F (177°C) between heated, polytetra- 
fluoroethylene coated rollers, at a pressure of 151b in^ 
(100kP), at a rate of 0.5 m min-^ 

The inner membrane is a double, water perme- 
able laminate consisting of: 

1. LDPE - 15-20g rrr^ (Bowater. Dupont); 

2. CMC film (BL) - 15-20g m~2 (Aquaton); 
Lamination is as before at a temperature of 300*'F 

(14g°C) between two heated, polytetrafluoroethylene 
rollers, at a pressure of 151b in'^ (lOOkP), at a rate of 
1 m min-^ 

The outer membrane and inner membrane are 
then laminated onto the matrix prepared in A) above, 
at dSO'^F (177°C) between two heated, polytetra- 
fluoroethylene rollers, at a pressure of 151b irr^ 
(1 OOkP). at a rate of 0.25m min^S to form a sandwich. 

The finished material is then passed through a 
heated roller cutter and is cut to the various shapes 
and sizes required for the product. 



Claims 

1 . A process for the production of absorbent materi- 



11. A process according to any preceding claim, 
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wherein said thermoplastic comprises a blend of 
hydroxypropyl cellulose and carboxymethyt cellu- 
lose having a glass transition point essentially the 
same as its melting point 

12. A process according to claim 11. wherein the ratio 
of said blend is 50/50, and said temperature at 
which said process is carried out is about 352"^. 

13. A process according to claim 11, wherein said 
blend further comprises polyethylene such that 
the constituent thermoplastics are in a ratio of 1 : 
1 : 1, the lamination temperature preferably being 
between 149<»C and 177«C. 



14. A process according to any preceding daim, 
wherein the thermoplastic is polyhydroxy methyl 
methacrylate, polypropylene, polyurethane, poly- 
propylene, polyethylene and/or a substituted 
polysaccharide, said substituted polysaccharide 20 
preferably being carboxymethyl cellulose and/or 
hydroxypropyl cellulose. 



2Z An absorbent material comprising fibres cross- 
linked by a suitable cross-linker therefor, and 
wherein the cross-linker is associated with sub- 
stantially the entire surface of each fibre, the f i- 
5 bres and the cross-linker being opttonally as de- 
fined in any of claims 1 to 9. 

23. An absorbent material according to claim 20 or 
22, the material further having a first thermoplas- 
10 tic membrane on one side and a second thermo- 
plastic membrane on the other side, the first 
membrane being impermeable to water, and the 
second membrane permitting passage of water 
substantially only in the direction of the absorbent 
IS material, the first layer consisting essentially of 
hydroxypropyl cellulose, and the second layer 
consisting essentially of carboxymethyl cellulose, 
hydroxymethyl cellulose and polyethylene in 
equal proportions. 



15. A process according to any preceding daim, 
wherein the thermoplastic is low density poly- 25 
ethylene having a density between 15g m-^ and 
25g nr2 

16. A process according to any preceding daim, 
wherein the thermoplastic has a density of be- 30 
tween 25g m-2 and 35g nrr^. 

17. A process according to any preceding daim, 
wherein the thermoplastic comprises a blend of 
carboxymethyl cellulose and low density poly- 35 
ethylene. 

18. A process according to any preceding daim, 
wherein the thermoplastic comprises two or more 
different thermoplastics, and the thermoplastics 40 
are blended before the lamination at or around a 
mutual glass transition temperature to provide a 
single layer. 

19. A process according to any preceding daim, 4$ 
wherein the lamination is carried out under con- 
ditions of 6 to 8% humidity, and/or at about 75**F 
(24''C), and/or wherein the thermoplastic is 
pressed onto the material at about 151bs in-^ dur- 
ing laminatk)n. 50 

20. An absorbent material prepared by the process of 
any preceding daim. 



21. An absorbent material according to daim 20, 
when laminated on one side with a thermoplastic 
layer according to daim 1 5 and, on the other side, 
with a thermoplastic layer according to daim 16. 



24. An absorbent material, preferably a fibrous ma- 
trix, laminated In accordance with any of daims 
10 to 19. 

25. Apparatus for the production of absorbent mate- 
rials from an essentially dry preparation of fibres 
and an essentially dry preparation of a powdered, 
heat activatabie cross-linker for the fibres, the ap- 
paratus comprising a drum having a top, a bottom 
and walls defining a cavity of the drum; 

the top of the drum having a first at least 
one opening through which the fibres can be in- 
troduced; 

the top of the drum having a second at 
least one opening through which the cross-linker 
can be introduced; 

dividing means being located between the 
first and the second openings, the dividing means 
extending toward the bottom of the drum, and 
preferably forming a funnel; 

electrical charging means being provided 
on the wall of the drum at a positk)n below the first 
at least one opening and above the lowest extent 
of the dividing means; 

means for introducing gas under pressure 
being provided on the wall of the drum at a posi- 
tion below the first at least one opening and 
above the lowest extent of the dividing means; 

means, such as a propellor orfan blade, to 
disperse the cross-linker and the fibres to form a 
dispersion when the cross-linker fells below the 
lowest extent of the dividing means; 

the bottom of the drum defining an open- 
ing through which the dispersion can pass; 
55 a fine mesh conveyor being located be- 

neath the bottom of the drum to collect the disper- 
sion; 

collecting means being disposed beneath 
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the conveyor to collect any excess cross-linker 
falling through the conveyor; 

means to heat the dispersion after collec- 
tion on the conveyor; and 

means to compress the dispersion after 
collection on the conveyor, the heating and conv 
pressing means optionally being provided togeth- 
er in one or more rollers, for example. 
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